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1. In t roduc t ion  

The ionospher ic  i n v e s t i g a t i o n s  which make up Modi f ica t ion  No. 7 t o  

Cont rac t  NASW-1402 comprise t h r e e  major p a r t s  which a r e  descr ibed  i n  

t h e  fo l lowing  t h r e e  s e c t i o n s  of t h i s  r e p o r t .  F ive  Nilte Apache roclcets 

were used t o  c a r r y  instrumented payloads t o  a l t i t u d e s  of about 200 km. 

The launch t imes  a r e  given i n  Table  1. The performance of a l l  v e h i c l e s  

was e x c e l l e n t ,  except  f o r  r a t h e r  high s p i n  r a t e s  encountered i n  some 

f l i g h t s .  The in s t rumen ta t i on  was a l s o  s a t i s f a c t o r y ,  wi th  t h e  except ion  

of a - p a r t i a l  f a i l u r e  on Nike Apache 14.393. The major o b j e c t i v e s  of 

t h e  program have been accomplished and t h e  d a t a  a r e  being prepared f o r  

pub l i ca t i on .  





The i n t e r e s t  g e n e r a t e d  by t h e  f i r s t  r o c k e t  e s p e r i ~ l l e n t s  on anornolous 

a b s o r p t i o n  of r a d i o  waves i n  t h e  D r e g i o n  i n  Win te r  j 1 , 2  j l e d  t o  t h e  

development of a  program t o  f u r t h e r  s t u d y  t h e  phenomenon. I n  p a r t i c u l a r  

it was f e l t  t o  be h i g h l y  d e s i r a b l e  t o  a r r a n g e  a  s e r i e s  of r o c k e t  f l i g h t s  

and a p p r o p r i a t e  ground-based exper iments .  S c i e n t i s t s  lcnown t o  be  i n t e r e s t e d  

i n  t h e  a l t i t u d e  range  of 50 t o  120 km were canvassed a s  t o  t h e i r  i n t e r e s t  

i n  p a r t i c i p a t i n g  i n  such a  program. I n  a d d i t i o n  t o  t h e  groups  a t  t h e  

U n i v e r s i t y  of I l l i n o i s  (E .  A .  Mechtly and C .  F. S e c h r i s t )  and GIZA C o r p o r a t i o n  

(L. G.  Smith) t h e  f o l l o v i n g  s c i e n t i s t s  promised a c t i v e  p a r t i c i p a t i o n :  

R .  S. N a r c i s s i ,  AFCRL, p o s i t i v e - i o n  cor , cen t ra t ion  u s i n g  a  pumped 

mass - spec t romete r ;  

L .  G .  M e i r a ,  U n i v e r s i t y  of  Colorado,  n i t r i c  o s i d e  c o n c e n t r a t i o n  

by t h e  UV a i r g l o w  t e c h n i q u e ;  

W. S. Smith and J. S .  Theon, NASAIGSFC, p r e s s u r e ,  d e n s i t y  and 

t e m p e r a t u r e  of  t h e  n e u t r a l  a tmosphere  u s i n g  t h e  grenade 

exper iment ;  

J.  F .  M o r r i s s e y ,  AFCRL,, n e u t r a l  d e n s i t y  by t h e  f a l l i n g  s p h e r e  

method ; 

A .  J.  Krueger ,  NOTS, ozone c o n c e n t r a t i o n  by a b s o r p t i o n  s p e c t r o s c o p y ;  

D .  F.  Heath ,  NASAIGSFC, n i t r i c  ox ide  a i r g l o w  p o l a r i z a t i o n  measure- 

ments ,  



The exper iments  on t h e  U I - G C A  pay loads  conlprise t h e  f o l l o w i n g :  

E l e c t r o n  d e n s i t y ,  e l e c t r o n  c o l l i s i o n  f r e q u e n c y ,  e l e c t r o n  t e m p e r a t u r e ,  

and m o l e c u l a r  oxygen and ozone c o n c e n t r a t i o n s .  

I n  a d d i t  i o n ,  t h e  c o o p e r a t  i o n  of t h e  m e t e o r o l o g i c a l  r o c k e t  network 

.was a r ranged  by W .  L .  Webb. The f o l l o w i n g  ground-based r a d i o  exper iments  

were  inc luded  i n  t h e  program: 

G .  W .  Henry, U n i v e r s i t y  of  I l l i n o i s ,  3.03 hlHz a b s o r p t i o n ;  

A.  3 .  F e r r a r o  and H .  S .  Lee ,  Pennsy lvan ia  S t a t e  U n i v e r s i t y ,  

2 . 2  MHz and 3.4 MHz a b s o r p t i o n  and w a v e - i n t e r a c t i o n ;  

J. S .  B e l r o s e ,  Ot tawa,  p a r t i a l - r e f l e c t i o n  sound ings ;  

G .  D .  Fa lcon  and E .  V .  Thrane,  Bou lder ,  p a r t i a l  r e f l e c t i o n  

soundings  ; 

R .  H .  Doher ty ,  Bou lder ,  LF phase  and ampl i tude  measuren~ents  

on Nantuclcet - to-Flor ida  p a t h .  

T.wo o t h e r  e x p e r i m e n t e r s  had been c o n t a c t e d  i n  o r d e r  t o  i n c l u d e  

1 
o b s e r v a t i o n s  of t h e  i n f r a r e d  emiss ion  of 0 ,  ( A )  b u t  n e i t h e r  was a b l e  

L 

t o  p a r t i c i p a t e .  

Two series of r o c k e t  l aunches  were scheduled:  one f o r  a ' h o r m a l "  

day  and one f o r  a n  "anomalous" day.  The c r i t e r i o n  f o r  c h a r a c t e r i z i n g  

t h e  day  was based on t h e  3 .03 MHz a b s o r p t i o n  measurement. T h e  f i r s t  

series of l aunches  tool< p l a c e  on 3 1  January  1969 between 1200 and Lb53 EST, 



a s  i n d i c a t e d  i n  Table  2 .  Two o f  t h e  f l i g h t s  y i e l d e d  no d a t a  b u t  t h e  

remain ing  seven were comple te ly  s u c c e s s f  i l l .  

Based on t h e  3.03 FIHz a b s o r p t i o n  measurerneilts and conf i rmed by t h e  

r o c k e t  d a t a ,  t h i s  was a  day of  anoillalous a b s o r p t i o n  a t  \ J a l l o p s  I s l a n d .  

The day was a l s o  "anomalous" a t  Pennsy lvan ia  S t a t e  U n i v e r s i t y  b u t  a t  

Ottawa and Boulder  t h e  a b s o r p t i o n  was deteriilined t o  b e  'hormal". 

A second group of r o c k e t s  was launched on 6  February  1969 t o  o b t a i n  

compar ison d a t a  from a  day of "normal" w i n t e r  a b s o r p t i o n .  T h e s e  l aunches  

are l i s t e d  i n  Tab le  3 .  

The e l e c t r o n  d e n s i t y  p r o f i l e  of t h e  D r e g i o n ,  o b t a i n e d  by combining 

t h e  p robe  and p r o p a g a t i o n  exper iments  131 i s  shorm i n  F i g .  I f o r  s i x  

winter d a y s ,  i n c l u d i n g  t h o s e  of 3 1  January  1969 and 6 February  1CJb9. 

P r o f i l e s  1 and 2 s l ~ o t ~  p r e v i o u s  e a s e s  of a "normal" w i n t e r  day w h i l e  t h e  

subsequen t  f o u r  a r e  days  of "anomalous" a b s o r p t i o n .  The ground-based 

3 .03  MHz a b s o r p t i o n  exper iment  a t  I Ja l lops  I s l a n d ,  had i n d i c a t e d  a  "normal" 

day  f o r  6 February  1969 whereas t h e  r o c k e t  d a t a  show t h e  day t o  b e  anomalous.  

The o b s e r v a t i o n s  a t  Bou lder ,  Ottawa and Pennsy lvan ia  S t a t e  U n i v e r s i t y  

a l l  c h a r a c t e r i z e  6 February  1969 a s  a n  anomalous d a y .  It a p p e a r s  t h a t  

both Specimen Days were anomalous a l t h o u g h  t h e  reason  Lor t h e  nornial 

a b s o r p t i o n  a t  3.03 MHz a t  Wallops I s l a n d  h a s  n o t  been de te rmined .  



Tablc  2 :  Rocket Launches,  31 January  1969 

Roclce t Time (EST) Experiment 

14.391 1200 [ e l ,  v ,  LO2!, j O  1 ,  T e  3 

AH 7 .891  1230 p o s i t i v e - i o n  c o n c e n t r a t i o n  

10.267 1257 112 p ,  T, r ,  winds (g renade)  

[ 0 3 /  ( t o  60 km) 

2 ( f a l l i n g  sphere )  

14.3967'; 16 12 j NO I ( p o l a r i z a t i o n )  

10.268 1625 p ,  T ,  ;, winds (grenade)  

AH 7.567 1653 p ( f a l l i n g  sphere )  

No da ta .  



T a b l e  3 :  Rocket  Launches ,  6 F e b r u a r y  1969  

-- - 

Rocket Time (EST) Experiment 

[ 0 3 ]  ( t o  6 0  knt) 

(NO] 

p ,  T ,  ;, winds (g renade)  





3 .  S e a s o n a l  V a r i a t i o n  a t  S o l a r  Maxiniui~ 

A s  p a r t  of t h e  program f o r  t h e  I n t e r n a t i o n a l  Quie t  Sun Year a  s e r i e s  

r of  r o c k e t  l aunches  were  conducted on t h e  Q u a r t e r l y  World D a y s  i n  t h e  

y e a r s  1964 and 1965. Thc  r e s u l t s  of t h a t  i n v e s t i g a t i o n  have been p u b l i s h e d  

1 .  To complement t h e  IOSY s e r i e s  f o u r  l aunches  n e a r  s o l a r  maximum 

have been  s u c c e s s f u l l y  c a r r i e d  o u t .  Each i s  made a t  a  s o l a r  z e n i t h  

a n g l e  of 60' (nominal)  . The l aunches  of  Nike Apaches 14 .391  and 14 .392 ,  

d e s c r i b e d  i n  t h e  p r e c e d i n g  s e c t i o n ,  r e p r e s e n t  t h e  w i n t e r  d a t a .  The  

summer o b s e r v a t i o n  was o b t a i n e d  from Nilte Apache 14.361 launched on 2& 

J u l y  1968. Nike  Apaches 14.393 and 1 4 . 3 9 5  were launched on d a t e s  

r e p r e s e n t a t i v e  of  s p r i n g  and f a l l  c o n d i t i o n s .  

F o r  t h e s e  a s  f l i g h t s  t h e  p r o p a g a t i o n  exper iment  was ~ i i o d i f i e d  t o  

o p e r a t e  a t  two f r e q u e n c i e s  s i m u l t a n e o u s l y .  P r e v i o u s l y  d l 1  dayt ime e l e c t r o n  

d e n s i t y  p r o f i l e s  had been o b t a i n e d  u s i n g  a  f r equency  of 3385 kHz i n  

c o n j u c t i o n  w i t h  t h e  p robe .  T h i s  f r equency  was chosen a s  t h e  b e s t  compro- 

m i s e  between t h e  two methods of  d a t a  a n a l y s i s  i n  t h e  p r o p a g a t i o n  exper iment :  

d i f f e r e n t i a l  a b s o r p t i o n  and Faraday r o t a t i o n .  It was dec ided  t h a t  b e t t e r  

q u a l i t y  d a t a  would be  o b t a i n e d  u s i n g  two f r e q u e a c i e s .  Those s e l e c t e d  

were  2225 and 5040 kHz. The two-frequency p r o p a g a t i o n  a p p e a r s  t o  have 

o p e r a t e d  s u c c e s s f u l l y  i n  bo th  f l i g h t s  a l t h o u g h  some . n t s r f e r e n c e  ( f rom 

a ground-based t r a n s m i t t e r )  i s  e v i d e n t  on t h e  2225 kHz s i g n a l  on t h e  

f i r s t  f l i g h t .  

A component f a i l u r e  occur red  i n  t h e  payload of  Nike Apache 14 .393  

which r e s u l t e d  i n  complete  l o s s  of d a t a  i n  two e x p e r i m e n t s ;  f o r t u n a t e l y  



t h e  p r o p a g a t i o n  exper iments  were n o t  a f f e c t e d .  The c a l i b r a t i o n  of t h e  

p robe  and UV exper iments  i s  a p p l i e d  between 40 ,000  f t .  and 70,000 f t i  

b o t h  on r o c k e t  a s c e n t  and d e s c e n t .  The c i r c u i t  used on Nike Apache 14.393 
m 

and many p r i o r  f l i g h t s  i s  shown i n  t h e  upper p a r t  of F i g .  2 .  The 70 ,000  

f t .  b a r o s w i t c h ,  a l t h o u g h  t e s t e d  d u r i n g  payload c o n s t r u c t i o n  and found 

t o  b e  o p e r a t i n g  s a t i s f a c t o r i l y ,  d i d  n o t  swi tch  d u r i n g  t h e  r o c k e t  l l i g h t  

l e a v i n g  t h e  two exper iments  i n  t h e  c a l i b r a t e  p o s i t i o n .  The p o s s i b i l i t y  

of t h i s  happening i n  subsequent  f l i g h t s  h a s  been reduced by t h e  redundant  

ar rangement  shown i n  t h e  lower p a r t  of  F i g .  2 .  

The r e c e n t  f l i g h t ,  Nike Apache 14.395,  y i e l d e d  e x c e l l e n t  d a t a  from 

a l l  exper iments  and p r e s e n t a t i o n  of t h e  r e s u l t s  i s  de layed  pending 

r e c e i p t  of t h e  t a b u l a t e d  r a d a r  t r a j e c t o r y .  
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The s t r u c t u r e  o i  Lhe n i g h t t i m e  ionosphere  below 200 lim hds been 

demons t ra ted  i n  p r e v i o u s  r o c k e t  o b s e r v a t i o n s  j 4 ~ .  The lower p a r t  oT t h e  

E  r e g i o n ,  between 90 and 120 km, h a s  a  comples s t r u c t u r e  of t h i n  l a y e r s  

of enhanced e l e c t r o l l  d e n s i t y  ( s p o r a d i c  E ) .  A t  h i g h e r  a l t i t u d e s  a  smoother 

- 3  
p r o f i l e  i s  s e e n  o f t e n  w i t h  low v a l u e s  of e l e c t r o n  d e n s i t y  ('1200c111 ) .  

The s t r u c t u r e  shows g r e a t  v a r i a b i l i t y  from n i g h t  t o  n i g h t .  .\ s h a r p  

lower boundary of  t h e  n i g h t t i m e  E l a y e r  i s  found a t  abou t  87 km.  

The o p p o r t u n i t y  a r o s e  on t h e  i n i t i a t i v e  of P r o f e s s o r  S .  F1. K a d i c e l l a ,  

A r g e n t i n a ,  t o  make s i m u l t a n e o u s  o b s e r v a t i o n s  from Wallops I s l a n d  and 

from Chamical ,  A r g e n t i n a .  Nike Apache 14.394 was launched from I J ,~ l lops  

I s l a n d  a t  2306 EST on 11 September 1969. The Argen t ine  r o c k e t  had been 

launched s i x  minu tes  e a r l i e r .  

P r e l i m i n a r y  a n a l y s i s  of t h e  probe d a t a  ( u s i n g  t h e  p l o t - b o a r d  t r a j e c t o r y )  

shows t h a t  t h i s  n i g h t  h a s  a  wel l -developed l a y e r  i n  t h e  upper p a r t  of t h e  

E r e g i o n .  T h i s  i s  t h e  i -n ter rnedia te  o r  E2  l a y e r  of r a d i o  o b s e r v a t i o n s .  

3 -3 
The maximum e l e c t r o n  d e n s i t y  i n  t h e  l a y e r  i s  3 . 0  s 10  cm a t  a n  a l t i t u d e  

of  149 ltm. T h i s  i s  b l a n k e t e d  by a l a y e r  a t  100 krn hav ing  a mxiimum 

- 3 
e l e c t r o n  d e n s i t y  of 3 . 5  s 10' cm . The minimum e l e c i r o n  d e n s i t y  i n  t h e  

- 3  
v a l l e y  between t h e  l a y e r s  i s  abou t  150 cm a t  an  a l t i t u d e  of 114 lim. 

The payload of t h i s  r o c k e t  a l s o  inc luded  boom-mounted probes  f o r  an 

e x p e r i m e n t a l  d e t e r m i n a t i o n  of t h e  r a t i o  of m o b i l i t y  o t  p o s i t i v e  and 

n e g a t i v e  i o n s  i n  t h e  D r e g i o n .  The e s p e r i n ~ e n t  i s  l i m i t e d  t o  a l t i t u d e s  



below abou t  85 km, whei-e t h e  c o n t r i b u t i o n  of f r e e  e l e c t r o n s  t o  t h e  probe 

c u r r e n t  i s  n e g l i g i b l e .  A p r e l i m i n a r y  examina t ion  of  t h e  d a t a  l e a d s  us  t o  

c o n c l u d e  t h a t  t h e r e  i s  a s i g n i f i c a n t  c o n t r i b u t i o n  by  e l e c t r o n s  t o  t h e  

c u r r e n t  $even below 85 km. I t  i s  n o t  c l e a r  whether  t h e s e  a r e  a ~ i i b i e n t  

e l e c t r o n s  o r  whethel- t l i e y  a r e  l o c a l l y  c r e a t e d  i n  t h e  shock-wave c r e a t e d  

by t l ~ c  r o c k e t .  



5 .  F u t u r e  P l a n s  

The rocl te t  ldimches ofr September 1969 complete  t h e  e spe l - lmen ta l  

phase  of t h e  program. The d a t a  r e d u c t i o n  f o r  t h e  l a t e s t  f l i g h t s  i s  i n  

p r o g r e s s  and w i l l  be completed i n  t h e  f o l l o w i n g  q u a r t e r .  The d a t e  of  

submiss ion  o f  t h e  L i n a l  s e p o r t  is  1 Piarch 1970. I n  a d d l t l o n ,  l t  i s  

in tended  t o  p r e p a r e  s e v e r a l  papers  f o r  p u b l i c a t i o n  i n  s c i e n t i ~ i c  j o u r n a l s  
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